has also been suggested 14 . Given that the tumor suppressors p53 and p19 are upregulated in Bub1b H/H senescent cells, it would be interesting to determine whether loss of these in Bub1b H/H mice would relax cell cycle control, promote tumorigenesis and perhaps alleviate some of the phenotypes associated with aging.
Whether aneuploidy is a specific driving force in the development of cancer is controversial. With the demonstration that severe disruption of Bub1b leads to aging-related phenotypes, the study by Baker et al. 3 now adds aneuploidy and aging to the debate about the relationship between biological cause and consequence. Regardless of these hierarchical considerations, it is apparent that although silencing of the mitotic checkpoint (by pharmacological agents, for example) may be beneficial for inhibiting the growth of cancer cells, the price we may pay is premature aging. Figure 1 A deficiency in any of three schizophrenia-associated genes on 22q11 can result in behavioral impairments in knockout or heterozygous mice. Further dissection of independent and synergistic effects of these genes in animal models, and endophenotype refinement in individuals with schizophrenia and in controls, will be required to fully delineate the causative pathways.
deficit disorder, anxiety and characterological peculiarities such as shyness or impulsiveness. It contains at least three genes (COMT, PRODH2 and ZDHHC8) implicated in schizophrenia risk. Studies of rare but well characterized syndromes, such as 22q11-related schizophrenia, can facilitate formulation of coherent pathogenetic hypotheses, eventually leading to identification of specific causal pathways and advances in the general understanding of complex disorders 4 .
Previously, this group provided evidence that variants at the PRODH2 locus in the microdeletion region on 22q11 contribute to schizophrenia risk 5 . Now, they describe a significant association between schizophrenia and a single-nucleotide polymorphism (SNP) in a new gene in the same region, ZDHHC8, encoding a putative new member of the palmitoyltransferase family. This intronic SNP modifies ZDHHC8 expression by causing imperfect splicing, intron retention and reduced enzyme activity. The association between this SNP and schizophrenia was confirmed in three independent family and case-control samples from the United States and South Africa.
Zdhhc8 knockout mice had no morphological brain abnormalities but were deficient in the prepulse inhibition (PPI) measure of the startle reflex paradigm. Both knockout and heterozygous mice were abnormal with respect to indices of fearfulness and rearing behavior and proved resistant to the locomotor-activating effect of the psychomimetic NMDA blocker dizocilpine.
Although the biology of ZDHHC8 is incompletely understood, palmitoylation is known to modulate activity-dependent plasticity at glutamatergic synapses in the cortex and hippocampus 6 . The authors suggest that the behavioral impairments in the mouse may involve interactions among ZDHHC8, PRODH2 and COMT (Fig. 1) .
Notably, the abnormal behaviors in Zdhhc8-deficient mice were restricted to females. In the family sample, the authors found a preferential transmission of the risk allele in females, indicating that the sex-specific effect is unrelated to differences in the splicing of ZDHHC8. This female predilection is puzzling, because another study 7 found that a ∼1-Mb deletion in 22q11 (encompassing COMT and PRODH2) produced PPI and fear-conditioning abnormalities in male mice only. Considering that a difference has also been found in the transmission of a schizophrenia-associated polymorphism in COMT 8 , there is a riddle on 22q11 waiting for a solution.
Schizophrenic mice?
It is difficult to envisage how schizophrenia symptoms, such as false beliefs, hallucinations, passivity experiences and thought disorder, could be elicited in nonhuman species. But complex experiential phenomena are probably underpinned by cognitive deficits that may, in part, be reproducible across species. One such phenotype, the startle reflex to sudden intrusive stimuli, involves a well-defined neural circuit engaging nuclei in the brain stem, striatum, pallidum and thalamus, with projections to the cortex. The startle response is attenuated when the triggering stimulus is preceded by a weak prestimulus (prepulse). The degree of PPI is a measure of sensorimotor gating, an automatic filter protecting the brain from flooding with irrelevant stimuli. PPI breakdown is frequent in schizophrenia, but it also occurs in stress-related disorders, alcoholism, neurodegenerative disease and autism 9 . Although PPI deficit is not a specific marker of schizophrenia, it correlates with other measures of attention control and, possibly, thought disorder in affected individuals and is present in a proportion of their unaffected relatives 10 . Together with the capacity to dissect genetic and environmental influences in animals, this is a valid reason to regard PPI as a modular phenotype in schizophrenia research.
Modular endophenotypes
Schizophrenia geneticists face a catch-22 situation: they seek to identify specific genes contributing to an overinclusive diagnostic category for which no specific biological substrate is identifiable, probably because of admixture between different underlying disease subtypes. It is increasingly likely that current diagnostic classifications, based on symptoms, do not demarcate genetic entities. As the clinical manifestations of schizophrenia might be a common final pathway for several separate variants 11 or endophenotypes 12 , the quest for specificity of genetic and neurobiological findings in relation to diagnostic categories may be misplaced. Can schizophrenia result from the interaction between several modular endophenotypes, each a distinct pattern of neurocognitive or neurophysiological deficits? Identifying such endophenotypes and their genetic basis is a daunting, but not impossible, task. Because the 22q11 region is associated not only with schizophrenia risk, but also with a variety of other phenotypes, its further dissection by convergent genomic and pathophysiological analysis will provide a better understanding of the genetic architecture of psychiatric disorders on the whole.
